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by a VAScale from 0-100, where 100 indicated pre-injury knee function
and 0 indicated the impossibility of performing daily activities. In addition,
global rating of change (GRC), detecting self-assessed eﬃcacy from the
rehabilitation program, was collected using a 7-point scale (-3 to 3) that
includes descriptors ranging from “very much worse (-3), unchanged (0)”
to “completely recovered (3)”.
Results: The patient performed 27 sessions with a mean of 8.6 exercises
per session. Acceptable self-reported pain was recorded during the program
with a median of 0 (min 0 - max 2). Decreased pain was recorded both
during and after each training session with a median of 1 (min 1 - max
1) and a median of 0 (min 0 - max 0), week one and 12, respectively.
Quadriceps strength (PT) improved from a 19% deﬁcit to a 1% deﬁcit
between legs, and hamstrings strength (PT) improved from a 13% deﬁcit
to 11% stronger injured leg compared with the uninjured leg. Quadriceps
strength (TW) improved from a 10% deﬁcit to 4% stronger injured leg
compared with the uninjured leg, and hamstrings strength (TW) improved
from a 13% deﬁcit to 8% stronger injured leg compared with the uninjured
leg. The OLH improved from a 35% deﬁcit to a 5% deﬁcit between legs and
for 6MTH from a 25% deﬁcit to an 8% deﬁcit between legs, before and after
the rehabilitation program, respectively. The 0-100 VAScale improved from
63 to 97 (54%) over the 12 weeks and the GRC was 2 on the 7-point scale,
indicating “a lot better”.
Conclusions: The twelve-week neuromuscular and strength training pro-
gram was successfully implemented in a middle-aged patient with de-
generative meniscus tear, in terms of acceptable self-reported pain both
during and after each training session, decreased pain throughout the
program, improved muscle strength and physical performance, in addition
to improved global rating of knee function.
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Purpose: Intervertebral disc (IVD) degeneration is the major cause of
chronic low back pain. A better understanding of the physiopathology of
IVD degeneration is essential and correlation between tissular and cellular
changes is poorly investigated. In this context, the present work was
focused on the physiopathological characterization of IVD aging in the
rabbit in order to deﬁne a potential correlation between tissular (MRI and
histological study) and cellular (transcripts analysis) changes.
Methods: New Zealand white rabbits (1-, 6- and 30-month-old) were used.
IVD aging was determined by MRI and histological studies as well as by
a phenotypic characterization of cells isolated from annulus ﬁbrosus and
nucleus pulposus, respectively the central and outer parts of IVD. MRI
was scored according to the Pﬁrrmann’s classiﬁcation. After alcian blue
and masson’s trichrome stainings, the histological samples were evaluated
using a modiﬁed Boos’s scoring. The age-dependent phenotypic alterations
of IVD cells were investigated after total mRNAs extraction by real-time
PCR.
Results: MRI reveals a grading decrease in IVD signal intensity associated
with a Pﬁrrmann’s grade of 1, 2 and 3 after 1, 6 and 30 months respectively.
At histological level, IVD aging was associated with a signiﬁcant increase
in the Boos’s scoring as evidenced by the formation of tears and cracks,
the reduction of cellularity and a marked mucous degeneration. These
data indicate the existence of an aging process of rabbit IVD likely similar
to that occurring in human IVD. In parallel with this histological aging,
signiﬁcant alterations in the expression of transcripts coding for type I and
II collagens, aggrecan, BMP2, MMP13, HtrA1, MGP and P21 were observed.
These changes in gene expression suggest a marked modiﬁcation of cell
phenotype as well as the existence of some compensatory mechanisms
occurring during IVD aging.
Conclusions: Our results indicate that age-associated IVD degeneration
in the rabbit is likely comparable to that observed in humans with a
correlation between dehydratation of nucleus pulposus, disorganisation of
the extracellular matrix and an intense alteration in cell phenotype.
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BIOMECHANICAL CONSEQUENCES OF ADJACENT SEGMENT LUMBAR
FACET JOINT OSTEOARTHRITIS AFTER POSTERIOR LUMBAR INTERBODY
FUSION
L. Mécs, G. Sohár, K. Wellinger, K. Tóth
Univ. of Szeged, Szeged, Hungary
Purpose: The purpose of this study was to evaluate the development of
osteoarthritis in the neighboring segment after posterior lumbar spine
interbody fusion (PLIF) procedures. The disc acts as a shock absorber in
between the vertebrae, whereas the paired facet joints restrain motion. As
the facet joints age, they can become incompetent and allow too much
ﬂexion, allowing one vertebral body to slip forward on the other. This
slippage is known as a degenerative spondylolisthesis. PLIF with pedicle
screw ﬁxation is a most reasonable method for treatment of spondylolis-
thesis. The goal of the procedure is to stimulate the vertebrae to fuse
together. The fusion creates a rigid and immovable column of bone in the
otherwise ﬂexible section of the spine. Adjacent segment degeneration is
thought to impair long-term outcome after the fusion. As a consequence
the biomechanics of the lumbar spine alters as the neighboring segment
osteoarthritis progresses.
Methods: Between 1992 and 2002, we treated 154 consecutive patients
(81 females, 73 males) with PLIF and pedicle screw ﬁxation. Their mean
age at the time of surgery was 40.5 years. The mean follow-up period
was 13.2 years. Disorders treated by this procedure included degenerative
and isthmic spondylolisthesis L5-S1. The follow-up examination included
the Oswestry Disability Index (ODI), physical assessment, and radiological
evaluation. Pre- and postoperative radiographs and CT examination were
analyzed to assess degenerative changes. Intervertebral disc heights were
measured before and after surgery.
Results: The Oswestry disability index before and after the operation
showed a marked improvement from average 358 to 224 point. Unfor-
tunately, the average outcome index rose to 238 after ﬁve years and
286 at ten years time due to degenerative pathology in the neighboring
segments. On the x-ray and CT examination progressively increasing facet
joint osteoarthritis, intervertebral space narrowing and increase in the
intersegmental lordosis of the neighboring segments was seen over the
years. All intervertebral disc heights adjacent to the fusion decreased after
surgery (P < 0.05).
Conclusions: Until very recently, there was no data on the long-term
outcome of interbody fusion. At postoperative follow-up, patients who
underwent surgery had signiﬁcantly better scores for both pain and daily
function. The beneﬁts were reduced after ten years. Spinal fusion for pain
is less uniformly successful because the cause of the pain cannot always be
completely identiﬁed. The rigid interbody fusion increases the mechanical
stress on the surrounding segments which leads to the proliferation of
degenerative pathology.
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Purpose: Intermittent neurogenic claudication due to lumbar stenosis is
frequently diagnosed among older persons. Patients are operated on be-
cause of intolerable pain and/or severe decreased daily activities, with the
aim of pain relief and conservation or restoration of normal day-to-day
activities. The duration of persistent back/leg pain before elective surgery
is offered is not a case of evidence-based medicine but is a reﬂection of
normal practice. Although there is consensus that surgery is only offered in
the case of persistent pain, the timing of this treatment seems to depend
on local production capacity and patient and doctor preferences rather
than evidence-based practice.
The main goal of this comparative study is to investigate whether a period
of at least 3 months of persistent intermittent neurogenic claudication
is justiﬁed as a solid indication for surgery and superior to a prolonged
conservative treatment policy for this condition.
Research questions are:
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1) Is a policy of conventional surgical intervention more (cost) effective
than prolonged conservative care in patients with at least 3 months
intermittent neurogenic claudication due to lumbar spinal stenosis?
2) Is it possible to deﬁne subgroups of patients who will beneﬁt substan-
tially from one of the two proposed treatment strategies?
Methods: Population: Patients (n-280) presenting to the neurologist or neu-
rosurgeon in the participating hospitals with at least 3 months complaints
of intermittent neurogenic claudication and considering surgical treatment
are eligible for inclusion.
Inclusion criteria:
– age ≥50 years old
– ≥3 months intermittent neurogenic claudication, as noted by leg/buttock/
groin pain with or without back pain or fatigue in the legs provoked by
walking. Leg/buttock/groin pain or fatigue needs to be strongly relieved
when ﬂexed such as when sitting in a chair
– has a narrowed lumbar spinal canal, nerve root canal or intervertebral
foramen at one or more levels conﬁrmed by MRI.
Exclusion criteria:
– has a cauda equina syndrome deﬁned as neural compression causing
neurogenic bowel (rectal incontinence) or bladder dysfunction (bladder
retention or incontinence)
– has previously had a laminectomy at the same level, has degenerative or
lytic spondylolisthesis ≥ grade 2 (on a scale 1 to 4) at the affected level or
has signiﬁcant instability of the lumbar spine
Randomization: Allocation by means of a computer generated randomisation
list.
Measurements: Follow-up measurements will be completed during the
initial visit, during randomization and at 4, 12, 26, 38, 52, 104, 156, 208,
260 weeks after randomization.
Treatments:
1) Conventional surgical intervention. Participants allocated to direct
surgery will be operated as soon as possible and at the latest 4 weeks after
randomization. Surgical treatment will be performed in the conventional
manner with loupe magniﬁcation or microscope.
2) Prolonged conservative care. Conservative management will be a pro-
longed conservative treatment policy conducted by the general practitioner.
The general practitioner prescribes physical therapy which will consist of
active exercises to guide the patient in upgrading his or her activities
according to the agreed time schedule.
Primary outcomes:
– Zurich Claudication Questionnaire
– Shuttle walking test
Secondary outcomes:
– Neurological/clinical investigations
– Modiﬁed Roland Disabilty Questionnaire
– Visual analogue scale for Pain in back and leg
– Perceived Recovery
– Societal costs and utilities (EuroQol-5D, visual analogue scale)
– Complications
– Re-operation incidence
– Operative data
– Imaging ﬁndings
Analyses: Data analysis will be performed based on the intention to treat
principle. The answer to the main research question will be assessed with a
repeated-measures analysis of variance. For the cost-effectiveness analysis
a societal perspective will be taken, including health care costs, patient
costs and societal costs due to lumbar stenosis related disability (e.g.
inability to work and utilities expenses).
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MICROSCALE GUIDANCE AND ITS EFFECT ON HUMANMESENCHYMAL
STEM CELL ALIGNMENT AND CHONDROGENESIS
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H. Baskaran
Case Western Reserve Univ., Cleveland, OH
Purpose: Tissue engineering is a possible method for long-term repair of
cartilage lesions, but current tissue engineered cartilage constructs have
inferior mechanical properties compared to native cartilage. We suggest
that the lack of an anisotropic, oriented microscale structure in the con-
structs that is present in the native tissue contributes to inferior mechanics.
This study tests the hypothesis that speciﬁcally-sized microscale channels
within collagen-based and polydimethylsiloxane (PDMS) substrates will
cause differentiating human mesenchymal stem cells (MSCs) to preferen-
tially orient themselves, and to create a microscale-oriented extracellular
matrix (ECM) similar to the native tissue.
Methods: Channels of varying microscale dimensions were formed in
collagen-chondroitin sulfate (Fig. 1) or PDMS membranes using micro-
fabrication and soft-lithography techniques. Collagen-based channels were
stabilized using carbodiimide crosslinking. The dimensional ﬁdelity of the
membranes was conﬁrmed by image analysis. Human MSCs were seeded
in these channels, and Live/Dead™ staining was used to assess MSC vi-
ability. Selective attachment of MSCs within the channels was ensured
by modifying the plateau regions of the membrane with Pluronic F108.
The chondrogenic potential of MSCs in the channels was investigated by
culturing them for 3 weeks in chondrogenic medium and evaluating them
using type II collagen immunohistochemistry. DiI was used to stain the cell
membrane and to evaluate whether stained collagen was extracellular. To
assess cell alignment within the channels, samples were stained for actin
(phalloidin) and cell nuclei (DAPI). ECM production and alignment were
evaluated using confocal imaging and cellular alignment was determined
by measuring the angle between the principal axis of cell nuclei and the
channel length.
Figure 1. Collagen-GAG membrane with channels.
Results: The channel widths were accurate relative to the template widths
used to produce the features in both PDMS and the collagen-based mem-
branes. The Pluronic F108 ensured selective cell attachment within the
channels (Fig. 2) and the MSCs remained highly viable. MSCs aligned along
the length of the smaller PDMS channels (25-100 μm), while random
spatial orientation was observed for larger channels (500-1000 μm, Fig. 3).
By confocal imaging, the type II collagen formed was extracellular and was
deposited in alignment with the cells (Fig. 4). Longer collagen ﬁbers are
seen farther from the cell indicating that assembly occurs.
Figure 2. PDMS membranes with (A) and without (B) Pluronic treatment.
Figure 3. Nuclear alignment angle ± SEM.
